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INTRODUCTION 

I n  c o o p e r a t i o n  w i t h  The Electr ic  Power Research  I n s t i t u t e  ( E P R I ) ,  The Babcock 6 
Wilcox Company (B&W) has  b u i l t  and i s  o p e r a t i n g  a 6- foot  x 6-foot (6 '  x 6 ' )  
Atmospheric F l u i d i z e d  Bed Combustion (AFBC) Development F a c i l i t y  a t  i t s  A l l i a n c e  
Research Center  i n  A l l i a n c e ,  Ohio. A comple te  d e s c r i p t i o n  of t h e  f a c i l i t y  des ign  
d e t a i l s  i s  con ta ined  i n  EPRI F i n a l  Repor t  '3-1688. An a r t i s t ' s  r e n d i t i o n  (F igu re  1 )  
i d e n t i f i e s  t h e  major components of t h e  f a c i l i t y .  

The 6 '  x 6 '  s i z e  was s e l e c t e d  as be ing  l a r g e  enough t o  b r i d g e  t h e  gap between 
bench-scale u n i t s  t hen  i n  o p e r a t i o n  and l a r g e r ,  f u t u r e  u n i t s  i n  t h e  p roposa l  and/or  
c o n s t r u c t i o n  s t ages .  The f a c i l i t y  des ign  i s  f l e x i b l e  ( v e r s a t i l e  t o  mod i f i ca t ions )  
i n  many areas -- number of f e e d  p o i n t s ,  immersed tube  bundle c o n f i g u r a t i o n s ,  a s h  
r e c y c l e  c o n f i g u r a t i o n s ,  i n t e r c h a n g e a b l e  gas  sample sys tems,  etc. -- and is h igh ly  
in s t rumen ted  ( c o n t r o l s ,  i n t e r l o c k s ,  d a t a  a c q u i s i t i o n ,  and sampl ing)  t o  c l o s e l y  
s i m u l a t e  u t i l i t y  b o i l e r  des igns .  The s i z e ,  d e s i g n ,  and  equipment s e l e c t i o n s  have 
produced a h o t  test f a c i l i t y  w i t h  t h e  c a p a b i l i t y  of g e n e r a t i n g  s i g n i f i c a n t  
performance d a t a  ove r  ex tended  pe r iods  of s t e a d y  o p e r a t i o n  f o r  a m u l t i p l e  number of 
p lanned  test  cond i t ions .  

The f a c i l i t y  c o n s t r u c t i o n  was completed i n  October  1977. Fol lowing  a 5-month 
s t a r t u p  and debugging phase ,  t h e  f i r s t  t es t  ser ies  was conducted  i n  A p r i l  1978. 
S i n c e  t h a t  time, approximate ly  2000 hours  of t e s t i n g  ( f i v e  t o  e i g h t  t es t  s e r i e s )  p e r  
y e a r  have been logged. 

GAS SAMPLING SYSTEMS 

Eva lua t ion  of t h e  performance of t h e  6 '  x 6 '  AFBC tes t  f a c i l i t y  mandated 
a c c u r a t e  sampl ing  and g a s  c o n c e n t r a t i o n  measurements. For example,  measurements of 
C 0 2 ,  CO, and  Hydrocarbons are used  i n  c a l c u l a t i n g  combustion e f f i c i e n c y  w h i l e  t h e  
measurement of SO2 i s  needed t o  c a l c u l a t e  s u l f u r  cap tu re .  Oxygen measurements, a l s o  
used  i d p e r f o r m a n c e  c a l c u l a t i o n s ,  are used  by t h e  o p e r a t o r s  i n  s e t t i n g  t h e  d e s i r e d  
f a c i l i t y  o p e r a t i n g  test c o n d i t i o n s .  F i g u r e  2 shows t h e  l o c a t i o n  of t h e  main gas  and 
s o l i d s  sample p o i n t s  on t h e  6 '  x 6 '  u n i t .  

Obta in ing  g a s  c o n c e n t r a t i o n  d a t a  r e q u i r e d  t h e  u s e  of a sampl ing  sys tem t h a t  
i nc luded  t h e  use  of many s p e c i a l  i n s t rumen t s  and /o r  equipment.  
l a y o u t  and d e t a i l s  are shown on F igure  3 and  Tab le  1, r e s p e c t i v e l y .  The two 
independent  sys tems t h a t  make up t h e  comple te  sys tem are i d e n t i f i e d  as t h e  mobile 
and  fu rnace  o u t l e t  systems. Sampling f l e x i b i l i t y  i s  ga ined  by be ing  a b l e  t o  

The o r i g i n a l  system 
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i n t e r c h a n g e  sys tems and /o r  components. 
i n c l u d e  NO and  Hydrocarbon measurements a t  t h e  f u r n a c e  o u t l e t  and  CO measurement 
a t  in-bed znd f r e e b o a r d  l o c a t i o n s .  

The o r i g i n a l  system has  been expanded t o  

Table 1 

Tabulat ion of Gas Sampling System Details 

Tank F a n  C a l i b r a t i o n  Gases SO2, CO. 02, NO. C02. A i r ,  and ti2 

Inst rument  A i r  System 60 - 100 PSig ( 2  - 3 SCFM) 

G 4 S  SAMPLE SYSTEMS 

SO2. CO. 02, NO,. and C02 Analyzers 

Hydrocarbon Analyzer 

C m n  Tank Farm 

Commn l n s t r w n t  A i r  Supply 

Separate Sample Probes 

Separate F i l t e r -Cyc lone  Assemblies 

Separate Heated Sample L ines 

Separate F i l ter -Pump Systems 

l n s t r u m n t  A i r  t o  Pump Contro l  Swi tch 

Cool ing Water t o  Probes 

GAS SAMPLING SOURCE 

Approximate Source Gas Temperature 

Sample Gas Temperature @ Probe Discharge 

Sample Gas Temperature i n  Sample L i n e  

Sample Gas Temperature @ Pump I n l e t  

Sample Gas Temperature A f t e r  Analyzers 

Sample Gas Flow Fran Source 

Sample Gas t o  02 Analyzers 

Inst rument  A i r  t o  02 Analyzers 

Sample Gas t o  SO2. CO. and C02 Analyzers 

Sample Gas t o  NO, Analyzers 

Inst rument  A i r  t o  NOx Analyzers 

Recorder " A "  Gas P r i n t o u t  

Recorder "B" Gas P r i n t o u t  

Furnace O u t l e t  Probe 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

10 p s i g  @ 1200 cc lminute 

20 gph maximum 

Stack (Furnace Out) 
~ 

900'F 

31 0°F 

300'F 

180°F 

h b i e n t  (80OF) 

5 l i t e r s l m i n u t e  

250 cc lminute 

10 ps ig  

1000 cc lminute 

1200 cc lminute 

35 ps ig  

SO2. CO. 02, and to2 

Mobile Probe 

Yes 

110 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

10 p s i g  B 1200 cclminute 

20 gph nmximum 

"In-Bed" and Freeboard 

165OOF 

310'F 

300'F 

180°F 

Ambient (80'F) 

5 l i t e r s l m i n u t e  

250 cc lminute 

10 p s i g  

1000 cc lminute 

1200 cclminute 

35 p s i g  

SO2. CO, 02, and NOx 
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GAS SAMPLING WITH ORIGINAL PROBE-FILTER ASSEMBLIES 

Furnace  O u t l e t  Gas Sample Loca t ion  

The g a s  a n a l y s i s  from t h e  fu rnace  o u t l e t  i s  used i n  performance c a l c u l a t i o n s  
and a d d i t i o n a l l y  t o  set  and c o n t r o l  t h e  f a c i l i t y  test  c o n d i t i o n s .  
o p e r a t e  on a con t inuous  b a s i s .  F igu res  4 and  5,  r e s p e c t i v e l y ,  show t h e  probe 
i n s t a l l a t i o n  i n  t h e  f u r n a c e  o u t l e t  duc t  and t h e  o r i g i n a l  p r o b e - f i l t e r  assembly. The 
water-cooled probe has  an  open-ended, c o n c e n t r i c  q u a r t z  t ube  f o r  sample flow. I n  
t u r n ,  t h e  tube  i s  connected  t o  an  i n - l i n e  p a r t i c u l a t e  f i l t e r  assembly  ( g l a s s  cyc lone  
c o l l e c t o r f d r o p  ou t  b o t t l e  and f r i t - f i b e r g l a s s  f i l t e r  u n i t )  th rough which t h e  g a s  
sample flows e n r o u t e  t o  t h e  hea ted  sample l i n e .  The p a r t i c u l a t e  f i l t e r  assembly, 
l o c a t e d  i n  an e l e c t r i c a l l y - h e a t e d  cyc lone  oven ( s i z e  - 9-1/2 i n c h e s  squa re  x 21-1/2 
inches  l o n g ) ,  i s  main ta ined  a t  30OOF. 
r e c y c l e ) ,  t h e  p a r t i c u l a t e  f i l t e r  assembly had t o  be changed twice  d u r i n g  each  
24-hour o p e r a t i n g  pe r iod .  

Th i s  sys tem must 

A t  normal o p e r a t i n g  c o n d i t i o n s  (no d u s t  

Freeboard  Sample Loca t ions  

The mobile gas  sampl ing  system and probe  i n s t a l l a t i o n  shown i n  F igu re  6 a r e  
used t o  t r a v e r s e  t h e  f r eeboa rd  a t  t h e  l o c a t i o n s  p r e v i o u s l y  shown i n  F igu re  2. A 
t y p i c a l  t r a v e r s e  a t  one l o c a t i o n  would i n c l u d e  t a k i n g  gas  samples  a t  1 2  o r  1 3  p o i n t s  
a c r o s s  t h e  wid th  of t h e  f a c i l i t y .  A comple te  t r a v e r s e ,  conducted  wi th  t h e  d r i v e  
mechanism on e i t h e r  "hand mode" o r  "au tomat i c  mode", r e q u i r e s  from 60 t o  90 minu tes  
t o  complete.  Except f o r  t h e  d i f f e r e n c e  i n  l e n g t h ,  t h e  fu rnace  o u t l e t  and mobile 
p r o b e - f i l t e r  a s sembl i e s  are i d e n t i c a l .  

In-Bed Sampling Loca t ions  

The in-bed gas  sampl ing  probe i n s t a l l a t i o n ,  shown i n  F igu re  7 ,  i s  used  f o r  
t r a v e r s i n g  i n  t h e  f l u i d i z e d  bed. The o r i g i n a l  in-bed p r o b e - f i l t e r  assembly i s  shown 
i n  F igu re  8. The f i l t e r s  are 3/4 i n c h e s  i n  d i ame te r  x 1-3/4 i n c h e s  long  wi th  a pore 
s i z e  of approximate ly  1 micron. The ceramic  c o l l a r  is cemented t o  t h e  f i l t e r  a t  a 
p o s i t i o n  t h a t  i s  1 / 4  i n c h  away from t h e  open end. The c o l l a r  i s  clamped i n  t h e  
probe head a t  a l o c a t i o n  t h a t  p r e s e n t s  an  a c t i v e  f i l t e r  f low area of approx ima te ly  2 
squa re  inches .  

T y p i c a l l y ,  t h e  ceramic  f i l t e r  had t o  be c l eaned  ( n i t r o g e n  back-purged) a t  15- 
t o  20-minute i n t e r v a l s .  

GAS SAMPLING PROBLEMS 

The o r i g i n a l  gas  sampl ing  probes  ope ra t ed  s a t i s f a c t o r y  and a l lowed a c c u r a t e  gas 
c o n c e n t r a t i o n  measurements du r ing  no d u s t  r e c y c l e  test  c o n d i t i o n s .  However, 
o p e r a t i o n  of t h e  6 '  x 6 '  AFBC u n i t  has  s h i f t e d  t o  t h e  use  of d u s t  r e c y c l e  t o  improve 
performance. Uust l o a d i n g s  as h igh  as  10,000 l b / h r  have  been r u n  a t  t empera tu res  up 
t o  1750'F and a t  g a s  v e l o c i t i e s  of about  100 f t f s e c .  The h igh  d u s t  r e c y c l e  
i n c r e a s e d  t h e  p a r t i c u l a t e s  t h a t  were e n t r a i n e d  i n  t h e  gas  samples.  Th i s  c o n d i t i o n  
n e c e s s i t a t e d  f r e q u e n t  f i l t e r  changes,  caused  problems w i t h  g l a s sware  breakage  due t o  
i n c r e a s e d  hand l ing ,  and r e q u i r e d  more f r e q u e n t  n i t r o g e n  back-purging of t h e  in-bed 
f i l t e r .  

Problems a s s o c i a t e d  w i t h  gas  sampl ing  a t  t h e  f u r n a c e  o u t l e t ,  f r eeboa rd ,  and 
in-bed l o c a t i o n s  a r e  d i s c u s s e d  i n  t h e  fo l lowing  paragraphs .  

211 



Furnace O u t l e t  Gas Sample Loca t ion  

With h i g h  d u s t  r e c y c l e  r a t e s ,  t h e  f i l t e r s  r e q u i r e d  c o n t i n u a l  a t t e n t i o n .  Each 
f i l t e r  change invo lved  d i s c o n n e c t i n g  and r e c o n n e c t i n g  f i v e  j o i n t s  i n  t h e  f low 
sys t em.  In  a f e w  i n s t a n c e s ,  s l i g h t  amounts of a i r  i n f i l t r a t i o n  ( induced by nega t ive  
p r e s s u r e  i n  t h e  sample l i n e )  i n t o  t h e  gas  sample produced i n c o r r e c t  gas  
c o n c e n t r a t i o n s .  I n c r e a s e d  h a n d l i n g  of t h e  g l a s sware  and q u a r t z  t ube  produced some 
breakage problems. I n  c e r t a i n  i n s t a n c e s ,  t h e  breakage would occur  a s  a c rack  t h a t  
was d i f f i c u l t  t o  d e t e c t .  Undetected c r a c k s ,  on a coup le  of occas ions ,  pe rmi t t ed  a i r  
i n f i l t r a t i o n  i n t o  t h e  sample i n  such  a s m a l l  q u a n t i t y  t h a t  t h e  i n c o r r e c t  
c o n c e n t r a t i o n  r e a d i n g s  went unno t i ced  f o r  a few hours .  
modif ied p r o b e - f i l t e r  assembly d e s i g n  t h a t  would p rov ide  more e f f e c t i v e  f i l t e r i n g .  
The modif ied d e s i g n  would e l i m i n a t e  t h e  f r a g i l e  components, such as g l a s s  and 
q u a r t z ,  and would minimize t h e  number of connec t ion  j o i n t s .  

These problems i n s t i g a t e d  a 

Freeboard Sample Loca t ions  

Problems w i t h  t h e  p r o b e - f i l t e r  assembly were s i m i l a r  t o  those  encountered a t  
t h e  fu rnace  o u t l e t  l o c a t i o n .  Due t o  c o n t i n u a l  f i l t e r  pluggage, t h e  probe could not 
be used i n  t h e  f r i n g e  a r e a  of t h e  bed i . e . ,  t h e  lower sets of f r e e b o a r d  p o r t s .  
A d d i t i o n a l l y ,  t h e  long  probe l e n g t h  ( approx ima te ly  9 f e e t )  and r e l o c a t i n g  t h e  probe 
t o  a l l  sample p o r t s  produced o c c a s i o n a l  breakage t o  t h e  f r a g i l e  components. Such 
a c t i o n s  a l s o  caused o c c a s i o n a l  a i r  i n f i l t r a t i o n  i n t o  t h e  numerous connec t ion  j o i n t s .  

In-Bed Sampling L o c a t i o n s  

The s o l i d s  d e n s i t y  of t h e  bed has  always r e q u i r e d  t h e  u s e  of a n i t r o g e n  back- 
purge t o  c l e a n  t h e  ceramic f i l t e r .  A combinat ion of t h e  small a c t i v e  f i l t e r  a r e a  
(on ly  2 squa re  i n c h e s )  and t h e  i n c r e a s e d  s o l i d s  c o n c e n t r a t i o n  i n c r e a s e d  t h e  
"blow-back-cleaning frequency".  The r e s u l t i n g  t ime r e q u i r e d  t o  conduct a t r a v e r s e  
more t h a n  t r i p l e d  t h a t  r e q u i r e d  f o r  t h e  no a s h  r e c y c l e  t e s t  c o n d i t i o n .  

SOLUTIONS FOR SOLVING SAMPLING PROBLEMS 

A review of sampling a t  a l l  l o c a t i o n s  i n d i c a t e d  t h a t  t h e  components i nc luded  i n  
t h e  p r o b e - f i l t e r  a s s e m b l i e s  were r e s p o n s i b l e  f o r  t h e  problems. F u r t h e r  review of 
t h e  problems encoun te red  a t  each  l o c a t i o n  s u g g e s t e d  t h a t  a modif ied p r o b e - f i l t e r  
d e s i g n  could be a d a p t e d  f o r  sampling a t  a l l  l o c a t i o n s .  
i n c l u d e d  t h e  fo l lowing :  

The modif ied des ign  a c t i o n s  

0 I n s t a l l  a pr imary s o l i d s  f i l t e r  a t  t h e  sample i n l e t  t o  t h e  probe. 
A ce ramic  f i l t e r ,  s u p p l i e d  by t h e  Coors P o r c e l a i n  Company, w i th  a n  
a c t i v e  f i l t e r i n g  a r e a  of approx ima te ly  1 2  s q u a r e  i n c h e s  was 
s e l e c t e d  f o r  t h i s  a p p l i c a t i o n .  Th i s  f i l t e r  ( s i z e  - 1-1/4 i n c h e s  OD 
x 3 / 4  i n c h  I D  x 4 i n c h e s  long)  w i t h  a po re  s i z e  of 100 microns was 
inc luded  on t h e  mod i f i ed  p r o b e - f i l t e r  assembly shown i n  F i g u r e  9. 

I n s t a l l  a secondary f i l t e r  between t h e  sample probe and t h e  hea ted  
sample l i n e .  A c a r t r i d g e - t y p e  f i l t e r  w i t h  t w o  i n c h e s  of kaowool 
i n s u l a t i o n  ( a l s o  shown i n  F i g u r e  9 )  was proposed t o  p r o t e c t  o t h e r  
components of t h e  sample t r a i n  i n  t h e  c a s e  of a f a i l u r e  of t h e  
primary f i l t e r .  Th i s  secondary f i l t e r  would e l i m i n a t e  t h e  
g l a s sware  and p l a s t i c  components which i n  t u r n  would d e c r e a s e  t h e  
number of connec t ion  j o i n t s  where p o s s i b l e  a i r  i n f i l t r a t i o n  cou ld  
occur .  The i n s u l a t i o n  around the f i l t e r  would e l i m i n a t e  t h e  
cyc lone  oven, c o n t r o l s ,  e t c .  t h e r e b y  r educ ing  t h e  b u l k i n e s s  of t h e  
i n s t a l l a t  i on .  

0 
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Remove t h e  q u a r t z  t ube  (gas  sample f low t u b e )  from t h e  c e n t e r  of 
t h e  probe. 
a l lowing  t h e  sample t o  flow down t h e  c e n t e r  ( s t a i n l e s s  s teel  tube )  
of t h e  probe. 

Th i s  would e l i m i n a t e  a n o t h e r  f r a g i l e  component by 

PERFORMANCE DATA SUPPORTS M O D I F I E D  SYSTEMS 

Primary F i l t e r  Performance 

The ceramic f i l t e r  was i n i t i a l l y  t e s t e d  a t  t h e  f u r n a c e  o u t l e t  gas 
sample l o c a t i o n .  A t  f i r s t ,  problems developed i n  s e a l i n g  t h e  
ceramic  f i l t e r  and t h e  meta l  tube .  A f t e r  o b t a i n i n g  a good Sea l ,  
t h e  ceramic f i l t e r  performed t o  maximum e x p e c t a t i o n s  a s  6hOm by 
t h e  fo l lowing  t a b l e :  

Gas So l id  Gas 
Temperature Flow Rate Velocity Ceramic F i l t e r  Performance 

('F) ( lb /hr )  ( f t / s e c )  --- 
800 3000 100 Sample system operated continuously for 

a period o f  12 days (288 hours). Hinimal 
wear t o  upstream s i d e  of f i l t e r .  

800 10,000 100 Sample system required a f i l t e r  change 
every 2 or 3 days. Minimal wear to 
upstream s i d e  of f i l t e r .  

The above tests were conducted wi thout  back-purging (wi th  n i t r o g e n )  
t h e  f i l t e r .  When t h e  p r e s s u r e  drop  a c r o s s  t h e  f i l t e r  reached  i t s  
pre-determined maximum l i m i t ,  t h e  f i l t e r  was changed. 

The f i l t e r  t e s t s  i n  t h e  f r eeboa rd  a r e a  i n d i c a t e d  t h a t  no pluggage 
occur red  wh i l e  sampling a t  any of t h e  p o r t s .  No back-purge system 
was used and t h e  f i l t e r s  showed no wear a f t e r  ex tended  pe r iods  of 
opera t ion .  

The in-bed f i l t e r  t e s t s  i n d i c a t e d  t h a t  no pluggage occur red  du r ing  
a complete t r a v e r s e  a c r o s s  t h e  bed. The o r i g i n a l  p r o b e - f i l t e r  
assembly had t o  be back-purged wi th  n i t r o g e n  every  15 O K  20 minutes  
du r ing  each  t r a v e r s e .  The n i t r o g e n  back-purge c l e a n i n g  f e a t u r e  was 
a v a i l a b l e ,  bu t  was no t  used du r ing  t h e s e  lat ter t e s t s .  It appeared  
t h a t  t he  f i l t e r s  could be used i n d e f i n i t e l y  w i t h  no i n d i c a t i o n s  of 
wear. 

Secondary F i l t e r  Performance 

The secondary  f i l t e r  tests a t  t h e  fu rnace  g a s  o u t l e t  and f r eeboa rd  sampl ing  
l o c a t i o n s  i n d i c a t e d  t h e  c a r t r i d g e - t y p e  f i l t e r  wrapped wi th  two inches  of kaowool 
i n s u l a t i o n  met a l l  performance e x p e c t a t i o n s .  Th i s  f i l t e r  s e rved  i t s  i n i t i a l  purpose 
of p r o t e c t i n g  o t h e r  components i n  t h e  sample t r a i n  i n  t h e  c a s e  of a f a i l u r e  of t he  
primary f i l t e r .  It a l s o  r ep laced  the  f r a g i l e  components and se rved  t o  dec rease  the 
number of connec t ion  j o i n t s  ( p o s s i b l e  a i r  i n f i l t r a t i o n  s o u r c e s )  i n  t h e  sample t r a i n .  
The i n s u l a t i o n  c o n t r i b u t e d  t o  t h e  e l i m i n a t i o n  of t h e  cyc lone  oven which made t h e  
assembly l e s s ' b u l k y  and e a s i e r  t o  handle .  A combination of t h e  i n s u l a t e d  f i l t e r  and 
c o n t r o l l e d  s e t t i n g  of t h e  coo l ing  water t o  the  probe r e t a i n e d  t h e  gas  tempera ture  
w e l l  above t h e  dew po in t  a s  t h e  gas passed  through t h e  secondary  f i l t e r  e n r o u t e  t o  
t h e  hea ted  sample l i n e .  These t e s t s  were conducted i n  t h e  most s eve re  environment 
p o s s i b l e  i n  both  sampl ing  l o c a t i o n s .  The secondary  f i l t e r  on t h e  o r i g i n a l  in-bed 
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p r o b e - f i l t e r  assembly was no t  changed, t hus  no secondary  f i l t e r  t es t s  were Conducted 
a t  t h i s  sampl ing  l o c a t i o n .  

Quar tz  Tube Versus S t a i n l e s s  S t e e l  Tube Performance Data 

The o r i g i n a l  p r o b e - f i l t e r  a s s e m b l i e s  used  a t  t h e  fu rnace  gas  o u t l e t  and 
f r e e b o a r d  sample l o c a t i o n s  c o n t a i n e d  a q u a r t z  t ube  through which t h e  gas  sample was 
drawn. Due t o  t h e  f r a g i l e  n a t u r e  of t h e  q u a r t z ,  i t  was d e s i r a b l e  t o  e l i m i n a t e  the  
q u a r t z  t ube  and i n s t e a d  u s e  a s t a i n l e s s  s t e e l  tube .  Some concern  e x i s t e d  t h a t  a 
g a s - s t a i n l e s s  s tee l  r e a c t i o n  -- more l i k e l y  a t  h i g h  gas  t empera tu res  -- cou ld  
poss ib ly  produce i n c o r r e c t  gas  c o n c e n t r a t i o n s  ( p a r t i c u l a r l y  w i t h  NO ). 
t h e  water c o o l i n g  ra te  on t h e  p robe ,  t h e  t empera tu re  of t h e  gas  a l o i g  i t s  p a t h  of 
c o n t a c t  w i t h  the  s t a i n l e s s  s tee l  w a s  reduced  t o  a low, non- reac t ive  tempera ture  
l e v e l  (200O t o  400'F). 

By a d j u s t i n g  

The r e s u l t s  of t h e  q u a r t z  t u b e  v e r s u s  s t a i n l e s s  s tee l  tube  t es t s ,  conducted a t  
t h e  furnace  gas  o u t l e t  and f r e e b o a r d  sample  l o c a t i o n s ,  are shown i n  t h e  fo l lowing  
performance t a b u l a t i o n :  

Sample Gas 
Sample Tube Source Gas Temperature 

Sample Location DiameterIMaterial Temperature In Probe Gas Concentration Comparisons 
(Inch) (OF) (OF) 

Furnace Outlet 518 SS 800 300 Max Gas concentrations for 0 , CO , CO, 

Furnace Outlet  518 Quartz 800 300 Max i d f n t i c a l  f &  both the quartz and 
SO , and NO 

s t a i n l e s s  s t e e l  tube sample probes. 

Free board 518 SS 1700 280 - 305 Gas concentrations for  02. CO , CO, 

Freeboard 318 ss 1700 325 - 400 idznt i ca l  f0"r the quartz tube and 

Freeboard 518  Quartz 1700 155 - 220 s t a i n l e s s  s t e e l  tube sample probes. 

were essent?al ly2 

SO , and NO 

the two (518"  and 318" diameter) 

were e s sent ia l ly '  

S W R Y  

Gas sampl ing  and  a n a l y s i s  form a major  p o r t i o n  of t h e  performance e v a l u a t i o n  of 
t h e  6' x 6 '  A F B C  f a c i l i t y .  The a n a l y s i s  r e q u i r e s  measuring t h e  c o n c e n t r a t i o n  of s i x  
d i f f e r e n t  g a s e s  a t  t h r e e  sample l o c a t i o n s  -- in-bed, f r eeboa rd ,  and  f u r n a c e  gas  
o u t l e t .  Sample f low r a t e s  of 6 t o  10 l i ters  pe r  minute  a r e  needed f o r  a n a l y z i n g  
t h e s e  gases .  

Accura te  sampl ing  and a n a l y s i s  from t h e  h igh- tempera ture  - h i g h  v e l o c i t y ,  dus t -  
l aden  environment of t h e  f l u i d i z e d  bed u n i t  r e q u i r e s  t h e  use  of a sys tem t h a t  
i n c l u d e s  c e r t a i n  s p e c i a l  equipment.  An " e f f i c i e n t  p a r t i c u l a t e  f i l t e r "  is needed t o  
c l e a n  t h e  large-volume gas samples  removed from t h e  adve r se  environment of t h e  
6' x 6' u n i t .  A ce ramic  f i l t e r  -- c o n s t r u c t e d  of i n e r t  material, s e l f - c l e a n i n g ,  
hav ing  minimum p r e s s u r e  drop ,  and a b l e  t o  wi ths t and  h igh  t empera tu res  and a b r a s i v e  
wear -- se rved  as t h e  primary p a r t i c u l a t e  f i l t e r  i n  our  f i n a l  des ign .  

A c a r t r i d g e - t y p e  secondary  f i l t e r  e l i m i n a t e d  t h e  g l a s sware  and  dec reased  
connec t ion  j o i n t s ,  w h i l e  s e r v i n g  i t s  main f u n c t i o n  of p r o t e c t i n g  t h e  remain ing  
sample system components i n  t h e  case o f  a f a i l u r e  of t h e  pr imary  ( ce ramic )  f i l t e r .  
E l i m i n a t i n g  t h e  q u a r t z  t ube  h a s  produced a d e s i g n  t h a t  i n c l u d e s  no f r a g i l e  
(g l a s sware  o r  q u a r t z )  components. 
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The mod i f i ca t ions  have been combined t o  produce a r e f i n e d  gas  sampling system 
t h a t  can be used a t  sample l o c a t i o n s  of i n t e r e s t  i n  f l u i d i z e d  beds. 
used f o r  c o l l e c t i n g  and f o r  a c c u r a t e l y  a n a l y z i n g  gas  d a t a  over ex tended  test per iods  
f o r  a m u l t i p l e  number of planned test c o n d i t i o n s .  These r e s u l t s  have played a major 
r o l e  i n  t h e  e v a l u a t i o n  of t h e  AFBC performance. The r e f i n e d  gas  sampling system -- 
developed f o r  t he  6' x 6 '  f l u i d i z e d  bed a p p l i c a t i o n  -- is recommended a s  a r e l i a b l e  
system f o r  f l u i d i z e d  bed u n i t s .  

It has  been 
' 

' 
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